THE hyperthermia response of chronically hypoxic cells has been investigated by various authors (Power & Harris, 1977; Born & Trott, 1978; Bass et al., 1978; Durand, 1978; Gerweck et al., 1979) . Most studies have shown that hypoxic cells are at least as heat-sensitive as oxic cells. However, Bass et al. (1978) found slight protection to hyperthermic damage when HeLa cells were exposed to hypoxia for 4 h before heating. We are currently examining the effect of the degree and duration of hypoxia on the subsequent response in air to various cytotoxic agents, including hyperthermia. This communication reports the production of substantial heat resistance in aerobic cells following prolonged culture under hypoxic conditions.
Chinese hamster V79 cells were maintained in spinner culture, flasks (250ml) containing 100 ml of a suspension of asynchronous log-phase cells in Eagle's minimal essential medium (MEM) supplemented with 7.500 foetal calf serum, were placed in a water bath at 37TC. The flasks were equipped with a gas inlet-outlet system which allowed de-aeration by flowing a 95% N2/5% CO2 gas mixture over the surface of the stirred suspension (Stratford & Adams, 1977) . Cells deoxygenated in this way for 1 h and subsequently irradiated were shown to be "radiobiologically hypoxic" by comparing their radiation response to that of cells held under aerobic conditions. Cell suspensions were held under hypoxic conAcceptetd 19 December 1980 ditions for up to 16 h and maintained throughout at a constant pH of 7.4. The cells were then spun down and resuspended in fresh growth medium and heated in air in spinner flasks fitted with a side arm through which samples could be withdrawn at regular intervals. Surviving fractions were measured by standard colony-forming techniques. Fig. 1 shows survival curves for cells heated in air at 43°C and 44°C after 16 h prior exposure to hypoxia. Clearly, the hypoxia pretreatment induces considerable thermal tolerance under these conditions. Experiments were carried out to determine the duration of hypoxic pretreatment required for the induction of this thermal tolerance in aerated cells. Cells maintained in hypoxia for various periods were aerated and held at 44 5°C for 40 min. Fig. 2 shows the dependence of surviving fraction on the duration of the hypoxia pretreatment. Cells begin to show significant heat resistance after about 2 h pretreatment in N2, and reach a maximum resistance after 8 h. The time course for the induction of heat resistance is similar to that for the induction of resistance of these cells to the cytotoxic action of Adriamycin in air following pretreatment in hypoxia (Smith et al., 1980 (Chayen et al., 1973) . This showed that the chronically hypoxic cells had no significant difference in DNA content from an asynchronous population.
An alternative explanation could be that the overall treatment schedule impairs the ability of viable cells to attach to Petri dishes. It would follow that any viable cells remaining in suspension would produce daughter cells that could subsequently attach, and thus lead to an apparent increase in surviving fraction. Experiments were carried out which showed that this was not the explanation for the results. Cells wrere plated after hyperthermia, and the supernatant medium was removed from the Petri dishes at various times up to 24 h after plating and replenished with fresh medium. The number of colonies was identical to that found when the medium was not changed.
In our experiments, we have used cells cultured and treated in suspension. These conditions differ from those used in some other hyperthermia studies, which have involved attached cells and the associated use of trypsin. In one such series of experiments (Gerweck et al., 1979) it was found that prolonged incubation of CHO cells under hypoxic conditions caused an increase in the sensitivity of these cells to heat damage. This clearly differs from our observations, and the reason for this is unknown. However, the findings of LuckeHuhle & Dertinger (1977) and Durand (1978) are reconcilable with our data. These authors found that multicellular spheroids contained a subpopulation of heat-resistant cells. The resistant cells were those surrounding the inner necrotic region of the spheroids. Some of these cells are likely to be in a more heat-resistant Gl-like state, but some of the cells are almost certainly chronically hypoxic also.
In summary, we have demonstrated that cells with a history of chronic hypoxia can acquire increased resistance to heat damage. However, whether this, when taken together with the known effects of pH and nutrient deprivation, will in any way influence the response of tumours to hyperthermia must remain an open question.
